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??????? 
?????????????????
????? (smart cooling system)???
(sensing)???(actuating)????????
?????????????????
(silicon bulk micromchining)?????(wafer 
bonding)????????????????
?????????(non-silicon based)??
???????????????????
???????????????????
?????????????????????
????????????????????
??????CMOS ??????????
?????????????????????
???????????? 
???????????????????
?????? 
Abstract 
This 3-year project develops a combined 
fabrication technique of the mature silicon bulk 
micro-machining and the newly developed, low 
temperature surface micromachining to make 
the “smart” micro-cooling system chip. Such 
the-state-of-art processing technique and the 
corresponding testing facility can provide a 
common experiment platform for implementing 
various applicable microfluidic systems 
including channels, chambers, reservoirs, 
actuating pumps. 
Keywords: pressure testing, on-site 
measurement, gelatin, electro- 
hydro-dynamic (EHD) pump 
?????? 
?????????????????
??(on-site measurement)????????
???????????????????
???????????????????
?????????????(EHD)???
???????????????????
????????????????????
????????????????????
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???????????????????
??????????? 
[???][?? NSC-91-2218-E-032-002 ??
????] 
(1) ?????????????????
?????? 
(2) ?????????????????
??? 
(3) ????????? SU-8??????
????? 
(4) ?????????????????
?????? 
[???] 
(1) ?????????????????
??? 
(2) CMOS ??????????????
?? 
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??? NSC-91-2218-E-032-002 ???
????????????????(1)~(3)
?????????(3)?????????
?????????(1)????????
????????????????????
????????(4)????????(2)
??????????????? PDMS?
???????????????????
??????CMOS ??????????
????????????????????
??????????? 
????????? 
(?) ????????? 
 
??????????????? 
 ? 2 ???????????? 
??????????????? 1 ?
? 2????? 0-300psi????0-100? C
???????? 30 ?????15 ???
???????????????????
??????????????????
???????????????????
???????????????????
???????????????????
???[1]? 
(?) ????????? PDMS?? 
?????????????????
?????( anodic bonding)???#7740?
?????[2]?????????????
????????[3]??????????
?????? 400-500??????????
???????? 
??(PDMS?polymethylsiloxane)???
???????????????????
???????????????????
??????[4]?????? PDMS????
????#7740 ????????????
??????????????? PDMS?
???????????????? 3 ?
????????????? 4?? 5? 
 
? 3. PDMS???????a. ??????; b. ??
?? PDMS??????; c. PDMS????????
???????; d. ?????????????? 
 
? 4. ???????? PDMS??????? 
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? 5. ??????????? 
?????? PDMS????????
? 5????????? 2???????
???????????? 0 psi ?? 300 
psi??? 300?? 0 psi?????????
???????????????????
??????????? 21~25?????
??????????500?s??????
??????????????? 6 ???
?????????? 
 
? 6. ???????? 
? 1??? PDMS?????????
???????????????????
???????????????????
????????????????#7740
???????????????????
???????????????????
????? 
 
? 1. ????????????????(5V ?
???????? 100 psi) 
???? ????? ???????
?????? × 2 rated pressure × 3 rated pressure
???? 
?? 
160~220mV 350mV 
????? 4.5± 0.9 kΩ 0.8kΩ 
??? ± 0.5? span 0.49? span 
?? ± 0.3? span 1.3? span 
 
(?) ??????????????
??[5] 
?????????????????
???????????????????
???? PDMS????????? PDMS
???????????????????
???????????????????
?????????? 6??? 
 
? 6. ????????????????????
????? 
? 7 ???????????????
? 3×3 ????????????
1.2cm×1.2cm??????????????
????????Wheatstone??????
???????????????????
??(bonding pad)????????????
??????????????????
???????????????????
?????????? 8 ????????
???????????????????
???????????(sensitivity)???
????????? 
 
? 7. ?????? 3?3 ????????(???
12mm??)??????????????????
????Wheatstone??? 
 4
0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
0 50 100 150 200 250 300 350
pressure ( psi )
ou
tp
ut
 v
ol
ta
ge
 ( 
m
V
/ V
 )
sensor1
sensor2
sensor3
sensor5
sensor6
sensor7
sensor9
? 8. ????????????????????
??????????? 
? 7 ???????????????
? PDMS???????????????
???????????????????
???????????????????
???????????????????
???? 9????? 6????????
???????????????????
???????????? 200 ?????
5000 ???6 ?????????????
??????? 10??????? SU-8?
PDMS ????????????????
???????????????????
???????????????????
????(mean free path???????? 60
??)?????????????????
??????? 
?????????????????
????????????(??????
???????)????????????
?????? PDMS?????(?????
?)?????? PDMS?????????
???????????????????
???????????????????
???????????????????
?? 
??? 10?????????????
????????? 11 ???? 12 ???
????????????????(??
? ? ? ? ? ? ? ? ? ? ) ? ? ? ? 
(Hagen-Poiseuille??) ?????????
?????? 58µm?????????
6ml/min????????????????
???????????????????
???????????????????
???????????????????
???(?????????)??[6]? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
?9. SU-8???????: (a)??????????
????? 6?????????????????
?????????; (b)??????????? 
 
? 10. ????????????: (a)??????
?? SU-8?????; (b)?? PDMS? SU-8??
??????????; (c)? PDMS???? SU-8
?????; (d) ?? O2 ???? PDMS??; (e)?
??? PDMS????????????? 
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? 11. ??????????????? 
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? 12. ????????????????(???
?????????)???? (Hagen-Poiseuille ?
?) ??????????????? 58µm????
????? 6ml/min????????? 
 
(?) CMOS??????????? 
???????????TSMC??
CMOS 0.35µm 2P4M??????????
50??????????????????
??????????????? CMOS?
???????????????????
???????????????????
13 ? CMOS ??????????? 13-a
??????? 13-b??????????
???????????????????
??????????? 13-c??? TMAH 
[7]?????????????????
CMOS ????????????????
???????????????????
???????????????? 
 
? 13. CMOS?????????? 
?????????? CMOS????
?(design rule)????????? ANSYS
????????? ANSYS ??????
??????????x??y??????
14??????????????????
????????????? 15~? 16??? 
?? 15 CMOS ??????????
???????????metal??????
?(via)??????(contact)???????
??????????????????
(poly)?????????????????
?????????????????(??
??)???? 16 ???????????
Cadence ???????????????
??????????? 17 ?????
CMOS??????? 
?????????????????
???(????????????????
???????????????????
??????????????????
[8][9])?????????????????
 6
??(pad)?????????? TMAH? 
  
? 14.? ANSYS???????????a?????
???? X???????????b???????
?? Y?????????? 
 
? 15. CMOS???????????? 
 
? 16. CMOS?????????? 
 
? 17. CMOS?????? SEM??? 
?????????????????
???? polyimide? [10]??????
?parylene?[11]?????gelatin?[12]??
???????????????? 
50????????????????
??????????? (microfluidics)?
???????????(on-site)?????
????? 
(?) ???????????? 
?????????????  (ITO) 
???????????????????
?????????? 61????????
365 nl/min???????????????
(400℃-550 )℃ ?????????????
???????????????????
????/??? ITO ??????? 20 ?
???????????????????
??????????????????/?
??????????????/?????
?????????????????
parylene ???????????????
???????????????????
? parylene ??????????????
???????????????????
???????????????????
??????????(??? 60 )℃ ???
??????? PDMS?????????
SU-8??????? PDMS? A?? B?
? 10?1??????????? SU-8??
??????????????? 120℃?
20 ????????????? PDMS ?
SU-8?????????????????
????????(plasma cleaner????
RIE??)??????? PDMS?????
???????????????????
????????????(pad)?????
????? EHD??????? 18???
???????????? 19???? EHD
?????? 20?????????? 
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? 21. ????????? EHD ????????
????? 
???????????? PDMS??
???????????????????
40??????????????????
???? 450 um/sec??? parylene ???
????????? 285 um/sec?????
?????????????? 200 
um/sec????????????????
parylene ???????????????
???????? 2??? 
? 2. ?????????????? 
Surface PDMS parylene gelatin 
??? 
108° (?
????
????
? 30°) 
 
80°-95° 
 
60° 
????????????????
??????????????????EHD
???????[13]? EHD???????
???????????????????
??????????????????
?????????? SU-8 ?????
PDMS ????????????????
???????????????????
???????????????????
????????? 
??????? 
?????????????????
??????????? SCI???? 2?
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